The aim of this work is to study detection and measurement procedures, concerning the evaluation of position of partial discharge inside the transformer, in order to evaluate the degree of danger for the equipment. The methodology is based on a noninvasive measurement of partial discharges from the transformer bushing. The position of the partial discharge source is estimated considering the transformer winding model, and the measurement and proper evaluation of the response to the partial discharge pulses. By means of a proper modeling, measurement and interpretation, the localization of the problem can be performed. For the measurements, the conventional detection technique proposed by IEC 270 Standard was used
Introduction
Considering the number of failures in high voltage power transformers caused by problems in bushing and winding insulation, it is important to study means for diagnosing incipient failures, to avoid long unavailability periods and its consequences.
The aim of this work is to study detection and measurement procedures, concerning the evaluation of position of partial discharge inside the transformer, in order to evaluate the degree of danger for the equipment.
The methodology is based on a noninvasive measurement of partial discharges from the transformer bushing. The measured response is a function of the transformer winding electrical parameters, and the partial discharge location. The most important is parameter m, which is the relationship of the capacitive coupling between windings and between windings and neutral (or transformer metallic enclosure/core).
with C1 denoting winding equivalent series capacitance and C2 equivalent capacitance between winding and transformer core (and tank)
Determination of equivalent capacitances C1 and C2 can be done by using known methods, for example by considering the geometry of transformer (winding, core and tank) and dielectric properties of insulating oil and paper.
Partial discharge occurrence in the transformer winding comprises the incidence of a very short duration electrical pulse propagating from discharge location toward transformer bushing. Considering the equivalent electrical circuit of the transformer winding, for high frequencies, which is composed by the distributed elements resistances, conductances, inductances and capacitances the propagation of the pulse in the winding will show two distinct moments. In the first, the effect of the capacitive components are preponderant, and the influence of others components can be neglected (see figure 1) 
Figure 1 -Transformer winding equivalent circuit
Voltage distribution along the winding, in case of incidence of a pulse in the bushing, is expressed by:
where e x is the voltage at position x, l is the winding length, x is per unit position, Z(p) is the terminal impedance, E is the voltage pulse amplitude.
With the incidence of a pulse between winding ends, the voltage distribution will be expressed by:
where n is the point of discharge, E the pulse amplitude, V(x) the voltage at x.
The voltage at the bushing is obtained for x=0 (bushing H) and x=1 (bushing N)
Bushing H:
Capacitance at point n, which is obtained from voltage and current distribution along the winding, is given by:
Apparent charge, as defined in IEC270 standard, measured at bushing H and caused by the occurrence of a discharge at point n in the winding is expressed by:
Experimental
A specially adapted power transformer, with accessible taps along the windings (figures 2 and 3) was used in the tests. Pulses with period of about 70 nanoseconds, for simulating partial discharge along the winding, were injected in the winding taps. In the transformer bushings, those pulses were measured by means of a partial discharge detector. For the measurements, the conventional detection technique proposed by IEC 270 Standard was used, complemented by digitalization equipment. fig. 4a -bushing H) and equation 10 (fig. 4b  -bushing N) . In the figure, it is shown the expected relationship between the PD measurement on the bushing (in ordinate) with the position of PD along the winding, in per unit (in abscissas). In test procedure, pulses of 100pC were injected in each accessible tap of the transformer winding.
Similar measurements of apparent charge were performed on the winding taps, but with the injection of the simulated partial discharges pulses applied to the bushing instead. The measurement results are presented on figure 5, compared with the theoretical curve. Figure5 -Apparent charge measurements along the winding taps, with discharge injection on the bushings a) DP injection on bushing H b) DP injection on bushing
